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^£ Zr x Ali_ x (0<x<l)4- 5E^r a>-§-^ c|.^ i^rHfr di*> 

wl^^ Zr x Ah- x (0<x<l)l- i^Hr ±7} ^l^^tq-. ^ °Heh 7]-7l f*Y 

o>qsi- cfo o >^j. 4^ ^7>oi] -§-§- ^ 5^ °H1 7m ^H] 

^3^7 7>7l 7i *J- ^*fl o>^Sl7fl *§>£SM, o^fl^ ZL ^ ^ ^ 
£ 2 
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Z r A 1 §M# #*lf^_o S A>-g.*V ^HMulti layer structure 

of Device using ZrAl as underlayer or capping layer} 

£ la ^ £ lb^r ^Bfl^l ^>7l •ygfl.g. 7 fle^ AA^. ^ S j=o]tf. 

IE 3a ^ £ 3b^r % v ^^l ^tr A A A^r ±AM GMR ^S^l ^-g-*V ^Hl^ fit 

£ 4a ^ £ 4b^r ^<H1 ^Itr A A A^ ^A^r TMR ^2^1 ^-g-*V ^Hl^ 

5a^r ^efl 7l#ofl cq^ Ta« *§^A?1 *} 7 1 ±45] ojD^HD^ £ 5b 

SRV GMR Top ^2^A ^olH 7}# #6(| Zr x Ali_ x (0<x<l)l- 

5- M-^r^H AFM(Atomic Force Microscopy) o] ^1 ^ . 

51 6a ^ £ 6ctt ^"71 S. 1^1 l^ofl cfl*V ^ ^ ci-^^- TEM^S. fHgtr 
A, £ 6b ^ 51 6d^ 4 v 7l 3. 1^ 2*}^} cfltr TEM ^°lch 

£ 7^ ^ t^l 5]t ^ HtL^ 7>7] 7-1^- ±7}-<>} ^ ^c t AES.S. -g-^*V ^eflS. 

£ 8a-b #Efl ^ T^dfl o^*V ±^ »1J±^ AA ^A^ -3 l^e|(o^ 

^) *l7j°ll <4^ GMR ratio &A ^s}-*- M-Ef^ zisflHolcf. 
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£ 8t)Tr ^2fl ^ ^Al^ofl ^>7l ±7} 2) 

^^^(^^^) -£.£ofl uq-s. TMR ratio ^o] M-e^ :iHflS°ltf. 

-£ 8c^ ^Hfl 71 # ^ ^ ^Al^ofl o]*V 7\7] ^ ±*}o] ^ <g*]e]( 

^"d^) ^l^Hl TMR ratio ^ M-e}^ zieH^nf. 

10, ioo. . . A?} ±.A 

11, 21... 71^: 12, 22... ^]%- 

13, 23... ^1 14, 24... ^^ojA^ 

15, 25... *)1 2#*>^# 16, 26... «>#*H^ 

17, 27... -8-^1 # 18, 29... EiVl^^ 

28... H^f 1 

<is> ^£ Zr x Al 1 _ x (0<x<l)-i- sWf iE^r A>-g-*V c}^ *]\d i*Hl 

^JLS, iicf ^l^Ml^ Jl-gr ^ 71^1^ ^-foflS. MR ratio & 

(Magnetoresi stance Ratio : *>7] ^%Vti])q- jh^- *\ ^ 7 A^r Jl 

<19> ^le, Jl^l^ ^wvnl- 71 ^ g_x£ ^ 7 )^o) a s V^ 0]«fl ^ 

^ ^-§" 7lEl<?l ^ nm ^ MVnV^. Xj^^l ^^-Al7lZL, *lWRr £ °1 
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t^5^ oil- 7>^ *\}& £ ^ f-ofl -§~g-SHr #7lH = <« 

5.$ 3jJi ^^J- ^Hl ^iLl- 71^- S}^ 7>7l 71^-g- 31= , MRAMCMagnetic Random Acess 
Memory : tfl3.aj°li=h' 

<20> o]Bl^. ^>7l 7-1 7>7l ofl Uj 6fl 2} *fl ^ ^-o] ^Slf ©l-g-^- ^7>S.^i , 

*ll = «- -MOT-. 7>7l 31 = tt ^&7\ ^^s\o] oii- HDD (Hard Disk 

Driver : £} = H.er°l^)^f Ik-Sr 3iL n fl^l^ ^ iL# #*l*r^ #*l5>|, ^-B 

GMR 31 = (Giant Magneto Resistance Head : ^cfl 7>7l 31 = ) iE^ TMR 31 = (Tunnel 

Magneto Resistance Head : ^f-^f 7>7l 7^ 31=.) \isl ^V-g-£l 31 

<21> 7lrH 7>7l ^7>7> *H3#* **r^ «fl , ¥ *Hd#3 7}3)- tifl^ofl 7-l^cl 

^^Hr -S-g-tr 3i -2.5., °1^ ^ <^ ^^(spin dependents -£*g 7}^l-t}-. SEtr, 

^ 71-71 T^J- <g^£r ¥ 7>Aj^ AVoHl ^<g^7l- ^fl<5Rr ^Soll^ #7>H*fl2l ^cfl^O} 7j- 

<22> olei*V 7>7l z\*Q- 31 = 21 ^a>^^l ^Bfll- £ la ^ =. lb°fl M-EH153E1-. s. i a ^ GMR 

31 = 21 ^aV^o] ^Efll- uf-El-^ ^olcf. GMR 31 = tt 1^1 7} 7] t^V ^7>7> ^el 

• A>-g-£lZL SXA. =L ^2:=- 7>^7> ^^.14, o^H^ ^ ^7^1°} ^tH}. 

<23> ^ ^>7l 7-l*J- ^KlO)^, Si ^ 7l^;(ll) #ofl *r*l^(12), ^1 1# 

7f^#(13), ±3floHt(14), 2#*Md#(15), «>7J-7>^^(16) ^ #*l^(17)ol ^>^o.S 
f2t 7^4. o^H, ^-71 S\A^(12)^r <L3- ^#(Ta)^: A o V 7l 

l^-7>^#(13)^r CoFe^-9- ^2} ?W§^M 2131 ^^H, 9l7}S\±t 21 31 7> 

5f "cKH #2r€ ^ 7V^olel- ^Vcf. -L21ZL, ^71 ^5llolA-l^(14)0. C U ^ V] 7>^^ 
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(15)£ CoFe^ #7}^*1]S. ZL^^ol^ZLS. tb^f. #7l «HV7}^(l6)£r ^5. 

, Mn* ^f-^ ^.2.5. ol^oj^lcf . ofl^cfl IrMn^, FeMnth^, NiMn^ ^l 
^7} 2^H^(15)^ ^ « 0 V^ ji^a171^ oj7H, -8-71 ^^^(16) 

4 v 7l ^1 1#*H3#(13), i5|ol^f(14) ^ ^7l *fl 2^H^(15)4 ojs 
71] €4. A oM ^^(17)^ ZL ^ofl ^« ^ 11^ 71^-i- ^ig. Ta^fl 

7>7l 71 ^ ^6\] cfl^fl #3]iL^ ^-Cf. 7>7l 7^ ^7> 

°l| ^ ^17>S)^, *fl 27J"7>^^(15)^ « 0 HH1 ^17j-^A (13) o] ^ 

°] H ^71 7H 17j-7>^#(13)4 ^ 27^H^(15) A>o]o) ^^. 0 ] £ 

tVcf. ole^V t.>71 7>7l7l^- nfl^l, ^ HDD ^> 7 ] 

7> ^ ^-O], A o l- 7 j ^ ^pj^Qg)-^ ^ 27j-7>^#(15) A>o]^ 

71-71 cq*fl x>7 ) 7] ^ nfl^o^ ol c. ^ ol^ ^ w ^ o] ^ o] ^ ^ ^ ^ 

^ ^7>S1 A>^-Alofl 7>7l7i*J-tll(MR«l; 2^7}7l7-HV<Hl cfl ^ ^T^J- ^ 

JE#l^-a(H ex ; ^7p^ol ^ 2 7j-7p^^ A}^ « 0 V^ JL^A]^ ^)o] S) Tfl -ff^l 

£)c>|o> ^cf. 

£ lbfe 6)^3 7>7l ^7>(100)^ Cfla^o] ^Efll- U^vfl ^o]4. H ^» 7> 

^-§-^ 7l^;(ll) ^-<H1 *H^(12)ol ^5^, Aj- 7 ] ^^ (12 ) A o H] ^ 

1 ^7>^#(13), ;*V^(i 8 ) ; 7|1 2^V^#(15) ^ ti>#*V^ (16) ol 

!=k ^-71 tiV7j-7H3#(l6) ^<H1 ^l^(17)ol ^Aj^d-. o]e^ *}7l i^b ^> A ^fl^ 
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tftflaiS! a o v ^°n ^ 31*7} ^3}*lfe 3^ ^(Magnetic Tunnel 

Junction) o\-%-^r ^ojcf. 

<26> ^ i^Hr, ZZ. ^2: 4^9 9? A >-§- Zl^r^ ^o) 7}f$\x}±= ^ 

-^7} $14. X>7l 7,^ C V i7ff A>-g- ^ol]^ ^ = ofl cq *fl cfl #} °}= 1505=*W 7} 

^H, ^imSLsL 413*r ^^l^r ZL ^ £ o]l o]3 7 l£. £ ^. f 7>7l 

7>«fl^l7(I €4. ^>7l ^ ^7>7}- JL^JlsL 7>^5]^, Z}- #0) ^7>#^ ^V*fl 

*H #1- A>o]ofl^o^ ^^>*^ JKKinterdiffusion)°m- #jr ^ 

(intermixing) t^Tfl £4. ^#£r, *}7l ^ i*}^ zj- f^sj Tfligs] 7^ 

7]^ 371 ^ofl 0]^ aTll <£^g- #7fl €4. H*V, ^30.3.^ ^-Jl ^olM- ^> V 

<27> zlbIcII H>«4 Z>^ ^Sfl ^7) ^ ^>(10, 100 )fe ZL^riLS 7>^S)^- ^ 

4", ^3E. S^V ^ ^2. Hl^Jol nfl 4- *^>fl ^1^51-E.S #7] 7>7l ^^lM- 5iQ -§- 
^ ^SL ^*13 ^i^=ol uflo. ^^ l7fl €cf A> _g. ^ofl 7>7l^^.# ^SHMl #*1*}*1 

**Kr ^-f7> g^tf. ^1, ZL^£51 7>7l 71^ nfl^^ ^-fofl^ ^> 7 1 7^ nfl SflJM^i 

*]7}s|^ xpj-oi a)-o>^>fl s^ELS, ^-#*V W}^ ^ €-*fi^H cl Ajefl^Tll 

<28> ttj-Bl-Ai, JZL^AS. 7><iS|C-l^£ 7>7l7i%ltill4 Jil^^iH 37 fl ^ *>£| o] 

^ 9lTt ^3:^1 7>7l 7i%V ^>£l 7 fl^ol A^cf. o]<% #^5) <£^- 7 } Tfl^^^S #^7fl 
9X^, ^7fl7>^^- ZLCl-^1 ^4-7> M-^.^1 e^ZL o]i=- 7>7l ^ 

gflc MRAM ^ ^>7l i7} ^tiV^^l 7>7l 7-1^ ^Hl^i ^^^.s. €-^11 si^ 

^°1^-. 
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<29> ^ ^ ^. 7 1 ^efl 7]^ &7fl^ *M*>7l W 3^sL, ^ T^Ti^, ^ 

£°fl*l ^-g-Slc^S ^>7l 7-^1 f-o] -j! ^*}7\ <?>^^O.S -fr^im ^ 5a^. 

%v o>qej., MRAM ^ 7>7l 7-1 %v ^^>^ ^i^Hl -g-g-*l^ ^ oi^ 

afl^Sj-fe ^* fsVz\, ^>7l ^ °W2}, Cf^tb 

<31> 71 ^r, ^-71 7]^: ^Hl ^€ ^ ^-71 §>^# ^-ofl ^ al^^s] 

<£^T ^-M^ 7>7l 7^ i^fRr 7>7l 7-1%!- ±Z}o\) <&o]^, 

<32> a o v 7 ] u]^^ Zr x Al 1 _ x (0<x<l)l- S^Hr H^r J^r^SLS- ^ 7>7] 7^%V ^7># 

<33> i£tgofl 7 }. 7 ) ^ ^-ofl u]^^ Zr x Ali- x (0<x<l)«- Xf-^ 

<34> ^r$6\] 0X0]^^ J$ 7 ) 7>7l *) ^ , 

<35> t^o} ol 7> ofl o^]] « 0 V^ol £tJ 7}^*}- 1#*>^; 

<36> #71 *fl 17 d ^# ti]7}^ol ^ojA^; 

<37> Aj- 7l ^0]^ #cfl 7.1-5)- « 0 V%l:ol J7^ *fl 2^7>^#; ^ 

<38> AV 7l *u 2^H^ ^-oll tg^^M, ^-71 7M^o} ^ yj-^ ^^7]^ tiJ-7 0 V 7 >^ # ; 
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<40> oio^^, ^-71 NiFe, NiFeCr SE^b CoFe # *hM~& S tNH , -tf 

7} A] l 7 o v *M^ ^ *H 2^7}^ CoFel- 5E^>^, ^7} ^}°]^^ Cu« Sf-*H , 

<41> ^ofl ^"71 ^>7l 7^ ^S*)]^, 

<42> i&#*Ha#; 

<44> a o > 7 | ^ lyj-xpjA Aj-oj] ^£ til^p^ ^ O^f- ^ 

<45> A o V 7 ] ^o]^ ^Vofl tg^S^, ^J-o} olyj.ofl o^fl 7 }3}- yj-^ol i£7j 7>^SV *fl 2^7>> 

<46> ^. igj-^ofl olo^, # 7 | ^ 

<47> cl 7 >ofl ^«fl 7}3}- ^ 7 >^-*V Tfl 17j- 7 >^#; 

<48> AT- 7 ) ^1 17J-^ # Aj.^ t§A4<£ E ^ 

<49> Aj- 7 | E ^ Aj-ofl 7>Sh i&ffro] ^1 2^7HJ#; * 

<50> ^7] *ij 2#*H3# #ofl ^5^, -$7} 7]-$. IfJ-^-fr T7.^ A 1 7 1^ tiV7j. 7 .]-^^; 

■a- i^*Rr 3<>1 «>^*}-4. 

<51> igj-tgofl o^l, 4%7l 7.> 7 ) ^S^l^. 

< 52 > ti>^-7>^^; 
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<53> A o V 7 l ti>7 0 >^A^ ^.Jfofl #7) yV^j-^H^ofl <jfl 7>s|- i^o] Jl^^ ?)} 1 

<54> sfr 7 ] ^ lTj-T^^ ^-ofl t§7^ ^ 

<55> A o V 7 ] E ^ ^-ofl ^5]^, o]7H ^«fl ^ ^H^l €3 7}^ *fl 2^ 

<56> Tj.^ ^olH^r 7]^:, 7l # ^ofl ^ # 7 1 *>^^ #o(| ^ 

^€ 4# ^S^l* i^Kr di^Hl SU 0 !^, ^"71 ^l#^r *1 ^ ^ Zr x Al i- x (0<X< 1)1" S^*> 
^^jo S ^ rf^ ^7># 7fl^*Vcf. 

<57> i^tgofl olo^Ai, ^71 4^ #<*fl «1 ^ ^ Zr x Al 1 - X (0<X<1)1- i^Kr 

<58> o]-s} t ^o\] 4a w}-^^ ^*H1« ^-¥-^1 £^ ^M]*l ^^l. 

<59> £ 2 ^ <g ^*HH ^ ?m*\ ^2i^o)A. %2i 

Cf^ 7>7l 7^%V ^7>^ 71^(21), #7] 7}&(21) ^Hl ^ ^ ^ ^]*( 2 2) ^ 
^-71 ^1^(22) ^Hl x>^^ ^ ^^p^^ol xl-71 ^^1(20)7} ^ 

SU=h <^ 7 H A o V 7 ] 7]. 7l 7^ ^^(20)^ #7] 7>7] 7^1- ^7.> 7 > O.^ 7>7l 7-] 

^ Sll-B^ ^^Ml^r ^H-^-7} € ^M^, MRAM -f- *1].2.&) ^7foi 73 ^.o^ ^s.e)«-71- ^cf. 

<60> £ M^ofl o^§|- 7>7l T^J- ^7>o] <5J ^| 7] a}] -jj. ^I^JLS. GMR ^2i<=>\} 

fl ^H* i 3a ^ 3b°fl uJ-El-xfl^cf. £ 3a ^ £ 3b ^ ^€ ^^(spin valve type) 7> 
7) 7^J- q-E^-vfl ^ O.S., ^Tj-*}^^ o^ofl rtfEj- Top ^ Bottom ^iS ^ *r 
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<6i> £ 3a^ Top M-Ef^ 3-°^- °1» ^^*>^ 4^-^ 7l^r(21) ^Hl 

^l#(22)ol <§>$sH f ^-71 ^1^(22) ^f°ll ^1^^-(20')7V ^3<H £1^. <*5H«- 
(20')*r A Hh7>^#(23), i2fl°H#(24), ^1 2^>^#(25) ^ ^^#(26)ol 
S. ^» *l\Ith <^7H a o v 71 ^^(22)4 4 1#*>^(23) AfoloU^ ^^^(28) 

3 ^ ^T=f. ^Jl, #71 4l^Jf(20') ^l#(27)-i: SL^^f ?J°1 

<62> A o V 7 ) 7>7l T^J- ^7f# t§ s§ X\ f] ^^o] .^f £ = £ ^ ^ , Si 

71 ^ A}-g-*Kf ^3°]^. SEtb, -*7l Si 7l^r #Jfl- ^Al^ Si 71^: -tfJjLofl Si0 2 

^^Al^l A}-g-^- ^ oicf. 71-71 7-1 dl7>^ #7l «H (22)M: «1 ^ *J Zr x Ah- x (0 

<x<l)S ^^Al^J £^io s sJ-eJ.. a o v 7 i Zr x Al 1 - x (0<x<l)^ ^1^ *}*1^(22) 

O.S. 7>Aj 1-^^- tgA^l^r £ Jit} 7>7l 7-1 %> ^7>Sl MR 1=1 SHM ^ T £1^. iE*h 

^>7l 7-l^V ^7HH^ #7] ^1^(27)^: «1^^ Zr x Al 1 _ x (0<x<l)# S^Kr ?H 

71B1-, AV 7] ^A-l«.(20 , )# ^*Kr ^Sfl 7l^ofl^ Ol^l A^^CLJELS 

<63> 5. 3bT: ¥ t^l Sit!" 7>7l 7-1 %V ^7># GMR Bottom ^2^1 ^-g-Al?J <^ ^aHU- u} 

Bl-^H ^iLS. oil- ^r}. 71^(21) ^oHl *}*m22)°l ^^H, #7] 

«W#(22) ^°\] 41*1^(20' )7l- ^^Sl^l Aj. 7 i ^Jf^O')^ «>#*H^(26), *fl 1 

#*H3#(23), ^3llolAi#(24) ^ 27>Aj^(25)ol ^^^5. T^ch ^ 7 1 

Ai Aj- 7 ] ^^(22)21- ti>7j-7>Aj^(26) Al-oHi^ 1 ii 3 i*(28)-g- c-1 ^ ^cf. ZLBlJl, # 

71 ^^i-Y-(20' ) ^^lfe ^1#(27)* c-1 5L^-*Kr 3°1 w>^-^§>t}. 
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<64> ^7} 7l^r(21)^ ^^1^ 2.^ ^ fl-M, 

Si 7l^-# A>-g-3rl-^ %o\ ^^o|4. ^"71 Si 7l^r ^sM^ Si 7]# tf-M 

Si0 2 Aj-g-^ ^ oicf. ^tg. ^ o v 7l ^1^(22)^ a)^^ 

Zr x Al 1 - x (0<x<l)S ^^^1^1 JR)-^ ^cf. #7l Zr x Ali- x (0<x<l)£ 

*M#(22)o.S 7}^ ^-^^ ^>7l ^7>^ MR cl ^HM^ *r Si 

i4. SEtb, £ ^V7l 7-l* 0 V ^HH^ ^-71 #*1^(27)£- wl^^ Zr x Al!- x (0<x<l)ol 5. 

<65> £ 4a D ^ £ 4b^r £ 7>7l 7^j- ^7># TMR ^S^l -g-g-*}- *UH1» 4^ 

S^ojt}. £ 4afe Top ^Sl- i^Bfiflji, £ 4b^r Bottom ^Sf M-Bf^cf. 

<66> £ 4a s. ^srV^, 7l^(21)<Hl ^)#(22)ol ol j7 , #7] ^1#(22) ^HMl 

^l^^(20')7l- ^7lA^ A o V 7] AJ]A^(20')^ *fl 1^7H^(23), E"l s ^#(29), *ll 

2^7>^#(25) ^ ##*M^(26H ^€ 7MJ1 5U4. o^H, ^-7} 

*1#(22) ^ *fl 1#*M3#(23) ^} 0 H^r ^3l#(28)ol D| ^ ^- 7 ] ^]a^(20') 

^ofl^r ^oM^(27)ol Cl $^sqfe ^o] W V#2le>4. t^H^r ^"71 *}*1^(22)°1 ti] ^§ 

^ Zr x Ali- x (0<x<l)l- 3E^«H 3* ^-^5- *H}. ^-SlJI, A J"7l ^*\^(27)5L «1 

3^ Zr x Ali_ x (0<x<l)l- %°] wHM*}c]-. ^-^(20') £ 

(28)-i- ^*Rr ^Efl 7l^oflA^ 7l#*>^^°S ^71^ ^^-S: ^^4- 

<67> £ 4bl . 7}#(21) ^ 0 H1 S>*1#(22H <8^sq<H fcU, -*7l S}*1^(22) 

4fl^^-(20')7> ^^^cf. ^7}^, ^7} ^^^-(20')^ *];#*H#(26), *fl 1#*M3#(21), H-| 
\i #^(29) ^ ^ 2^7>^#(25)ol ^^>^o.5. 7MH ojcf. <^7]A-1 ( ^7] 

*}*]#(22) ^ ^^#(26) ^ol^]^ ^5]#(28)ol xy\ ^ 91^, ^7) ^™-(20') 
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Zr x Ali_ x (0<x<l)» a^-*><^ S^fe 3* ^r^SLS. *Vuf. n^ZL, #7l ^1#(27)H «1 
3^ Zr x Ali_ x (0<x<l)* ^^tt %°] ^tt^i-^-(20* ) ^ tH^# 

(28)^- ^«Hr 1-^^ ^Efl 7}^o]]X\ *\<£i5}<%SLE.S. q 7 ]X] q^rtt**. 

#7} ^Hl^H #^1- *r SU^l, *>7l ±7}$] ^6fl ^1^(22)0. 

5- Zr x Ali- x (0<x<l)l- SL^-SM ^a]?!^ *Vcf. 3E#, c]-I-<H 

#*]#(27)°-S. Zr x Ah- x (0<x<l)« X^J-SH ^^^l^lfe o]^ 

7l *M i^f ^>7] *}-§-£) ^ ?H o}^, MRAM ^ 7.}7] ^ ^7.} 

£ 3a^ GMR ^21 ^^lH^r ^s^U ^*cH cqtsfl ^^a]7)^ ^» # 
^ ^-71 71^(21)^- «>3th=h Si oie-i^j- 7]^- S^ofl ^ -Tflo) avsI- 

ov^. ^^Al^ Af-g-^- ^ &cf. ^Le|ji uM, ^1 71 #(21) al^^ Zr x Ali- x (0<x<l) 

1- £.*Jr*}±± *M#(22)* ^^Al^lcf. ^3^(28)^8: ^a^U^ ^ #7] *>*1# 

(22) ^^s.o)(NiFe) ^# <8^*m ^ ojcj-. zl^zi, zl ^ofl (23) , ^ 

^l°Hf l (24), *ll 2#*}^(25) * *>#7H3#(26)^ ^2jo s ^^Al^nf. zl^ji, n ^ 
°fl Zr x Al!- x (0<x<l)# 5E^-*Hr #*1#(27)^ D|' ^a^c}. ^7] *\] 1^H^(23) 

£ all 2#*Hd#(25)°.3. CoFel- ^a]^ , ^-g-S} Co 90 Feio« *}-g-^- ^ & 

A. =L^3L, ^7) :£*|aH^(24)°.3. E^tji^ ^11- #<H, Cu, i&#*H3^(26) ^-g-^ B}7}! 
£ Ir 2 iMn 79 A>-g-*lcf. 
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<70> A o v 7 j ^ ^ofl $-.0^, ^1^(22) ^ ^]^(28)* 431^^(20' ) , ^#(28) 

^ #afl 7l#ofl o]*!- ^j-g-^- ^ 91^-. ^7] A Ir^^r 3-^ 

99.95% ^o.^ ji, i5]E^ 7}^$-^ 99.9999% Ar7}^M: ^M*-^. 3. 

z\51, ^,2) 5H0- 8 Torr °l*h ^ v -§- 50-130W, A o}*£§\. 

« 3*fl 500 Oe ^-£4} °d7\t}^ 7jo] v}#z\z}r\. o)xt% z}-- ^?fl *}^Tr s.^ 

*}7l ^Hl «r^o)l ^s}- s*J^r ^ 5a^, ^7} ^Jf(20')^ A ¥ 

?)1 ^^JlS ^-§-£1^ a.- 7}^*}^. <^7}°\], ^7) Zr x Ali- x (0<x<l) 

« i^Hr ^71 *M^(22) ^ ^-7l'^l^(27)^- 3-§"3^ 7.>7l ^ ±7\o\) 45}^ A ifl 

<7i> 7]^, £ t^S} £ 3b, £ 4a ^ 51 4b ^ ^eflo] ^ ^co) ^ 

^"71 ^1#(22) ^ ^1#(27)* Zr x Ali_ x (0<x<l)S. ^^1^ ^7> 

<72> 4 V 7HH 7l^t!- W ^-Ol, £ Mj^ofl o^V *}7l 7^V ^7>^ ^2fl 7>7l ^ ±7}?} 

Ta i*fl^ ^AEEtt <#*lf^ ^«1*}ZL ^*Rr , *W#(22) ^/Si^r 

(23)°] Zr x Ali- x (0<x<l)<Hl 3*1) o^^^l 7^ 0.3. 

<73> ole^tb ^°\] ^ ^f7l 7i%> ±7.}^, ^7] ^l#(22)ol 500 o C^£)<^l^£ 

^ #33*1 ^* M-^vflJl, ^-71 <5}*1^(22) ^Jf^O') 
^ ##01 p1^1^>ji ^1^?V 2:^-1- 7>^7ll ^cf. ol^ j u]^^ Zr x Ali- x (0<x<l)» 
3^ ^l#(22)ol ^2fl 7l#o11 2)*Y 7>7l T^J- ^7}o) ^^(12)011 a] sfl , ufl-f ^ S 
7Ht)1 n. ^ oil z^- ^xe. 3g§^. ^-Efli- ^l*>7l nfl^-oicf. 
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<74> o)m. Ta« ^]#(22)AS. A]~g-*V x}7] ^ ^ 

W Zr x Ali_ x (0<x<l)# ^1^(22)^.5. A>-g-3H h i?H ^ ^(20' )» ^a] 

?1 7l^7l(S^^ a^B^ I la ^ I lbofl nm q-Bf 

^fl^cf. a la^r ^7] £. 3a^ £o] 1^-8- GMR Top^-SS. af|^ ^o]^, 3. lb^ TMR 

Bottom *\}^ %o]t±. C^7]A^ 7]^7l^ Zj-ZfSj 3j #A] 

<75> 5. i a sl *fl 1*1 ^£ Ta« *}*1#(12) ^ ^1#(17)«.S A>-g-*V ^Efl^ 7>7l 

*H 2*1 ^£ M. 1^0} ZrA1 ^- #*1#(22) ^ §>^]#(27).2.S. a}-^ ^014. ^,71^/ 

*fl lA]^^- Si(Si0 2 )/Ta/NiFe/CoFe/Cu/CoFe/IrMn/Ta« M-B^iL^ , 2*1 
Si(Si0 2 )/Zr x Ali- x (0<x<l)/NiFe/CoFe/Cu/CoFe/IrMn/Zr x Ali- x (0<x<l) ?2f 7>^1 sMcf. zj- 
n^l^r NiFe 2nm, CoFe 3nm, Cu 2.5nm, CoFe 3nm, IrMn 7.5nm°H, *fl lA^s} Ta^ 5nm 
°H, *H 2*1^ w]^^ Zr x Ali_ x (0<x<l)^ 2nm5. ^AjA^ ^ojcj-. 

<76> [^L la] 











*s||°M^ 


=12W* 


^0^^ 


4^1 1r 




0.412 


0.311 


0.272 


0.266 


0.247 


0.234 


0.242 




0.165 


0.228 


0.205 


0.210 


0.194 


0.178 


0.172 



& la^lAi ^ S^l, ^"71 ^H#(22) ^ ZL Aj-«.o|] T^l^^O.^. ^^Al^l ^§ 

3 a^o] ^1^(22)0] h]^^ Zr x Al 1 _ x (0<x<l)^l *>7l t]%> diiA>7> ^efla] 7>7l ^ ^*H1 
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%5L°\] £]«fl %°-S., Zr x Ali- x (0<x<l) *}*1^(22H nfl-f ^^KELS ZL ^ Vj f 

^3^r 4fl*W20')Sl ^ i%%5L5L nfl^- ^ ^ <£ ^ ^cf. 

<78> £ lb^r *ll 1^1 ^^r Ta# 3T>^1^(12) ^ #*l#(17)o_S ^>-g-*}- f^sfl^ *>7l 

ojt^, 2^1^^; ti}^^ Zr x Ali- x (0<x<D* ^1#(22) ^ %( 27)^5. A>-g-t}- 

7l#/SH#/^f7##*H^/^l 1 7 ^H^/B^ ^^7*11 2#7}# .§,/#*]* 
M-^^flcf. ^fl^iLS., 1*1 ^g- Si(Si0 2 )/Ta/NiFe/IrMn/CoFe/ZrA10 x /CoFe/Ta# M-t} 

*ll 2Al^^ Si(Si0 2 )/Zr x Ali_ x (0<x<l)/NiFe/IrMn/CoFe/ZrA10 x /CoFe/Zr x Ali_ x (0<x<l) 
71-^1 ^Mrf. z|f^ NiFe 2nm, IrMn 7.5nm, CoFe 3nm, ZrA10 x 1.6nm, CoFe 

3nm, ^1 l^l^o] Ta - 5nm ol^ ; ^1 2^1^^| ^1^^ Zr x Ali- x (0<x<l)^ 2nmS. ^a]571 

<79> [1 lb] 







^21^ 














0.418 


0.315 


0.294 


0.272 


0.161 


0.157 


0.155 




0.167 


0.231 


0.222 


0.209 


0.138 


0.133 


0.129 



a lb°lH ^ £>^ 0 1, #71 ^1#(22) ^ ZL Aj-Jfofl ?fl^o_3. t$A^]^ ^ 

^ a^o] ^i*(22)o] Zr x Al 1 _ x (0<x<l) < a 7>7l t^V ^7>7> ^efl^ *>7l 

a] si] ^%t>: ?4-§: ^ $.1.4- 

a|z^ o.^. i4Ef^ ?H 3E 5a ^ £ 5b^ AFM °H*Mi}. 5a^ #2fl 7l#ofl cq 
Ta» *M#(12)JL5. ^^Al^l uf-^^ji, £ 5b ^ l^ofl 21*1: GMR Top 

S ^*<HH 7l^r(21) 4H] Zr x Al 1 _ x (0<x<l) ^1^(22) AS. ^a]^ ^-g- 
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AFM(Atomic Force Microscopy) ol*l*Mth <$7]*\ #7} 51 5a^ 3.^ Tl^Ulfe 0.43nm %L3L, 

51 5b^ 7^71^ 0.16mnS, 51 5b7> £ 5a<^l «l*fl €^ ^ 91 
A. 

<82> j# 7 )q\. go] 7\7] ±.*}2) £ €^tr £ 6a vfl 
*1 £ 6cN q-Ef^^cf. £ 6a ^ 51 6c^ #71 & is] *fl l^^ofl cfltr ^ ^ ^-i- TEM 

Ir^tr ^r^M, 51 6b ^ 51 6cHir A oM a 1S1 *fl 2*1^1 ^ TEM ^o]r}. o]^- 

Ta* *}*l#(21)iL5. ^>-g-*r , ^ ^°fl 51 6a<Hl 51*1 

Zr x Al 1 _ x (0<x<l)l- *>*1#(22)5LS A>-g-^- ^ o. ( n tfJfofl 3*5} £ 6b^l 51*13 

4 ^*r-&^ SKM^] &-£r v]MMJL *l^tr 3^-|: 7>^ ^ 

<83> A o V-^ t,^ ^ Al^S-ofl tfl*H Cf^tr 1*1 ^l^l !Xf^ ZL ^ 

<84> t£^ ( a o V 7 ] s X cq ^] 2 A]^3)- ^-o] ^^A]^l o^eq 7 fl^ Al^l-^- 300 ^515. 240^: 

zj- ^^e]» tr ^, AES ^ " 0 Vl ?Hl ^*fl 4 f^H^l ^51# ^^4. 

?H °s v <r 51 , ^ 30051^ <i^3» 71^1 ^ -foils, zj- ^o] ^ <l^e| 

«M ^ 7]9] -ff-Af^-g- <£ ^ ^4. ^1, ^#*M^(26)^- IrMn<*1M cf€- 

#5LS Mn^ J^-a-o] ^-o] ojojwv ^ o_ ^ ^ oi-cg^o. D ]^c Si ^-aJ-o] 

<85> cf^-AS, ^-71 a la^l ^l^-l-^ 30051 o\}^ *\3. ^1^3: 

* ^tr ^ GMR oil- ol^- £ 8a oi] ^ifl^cf. £ 8a# #S*>^, S la 
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3 1*1 ^efl^l Ta# *}*1#(12) ^ ^l^(17)o.S a}-§-*V H GMR al7> 8.499H1 

^ 4.13%S ^ 51.4%7> #^L^§: ° s v ^ n°fl «l«fl, ^-71 5. la^l afl 2*1 

Zr x Ali_ x (0<x<l)# *>*1#(22) ^ ^1 #(27)°.3. AH*-* ^ GMR ?Ji7} 7] 9\ q-E^M- 

<86> ZL^Jl, 4>7] a lb^ Al^S-ofl cfl^fl ZfZ}- Cf^ -&£^A| ^S^H ^>7l *) *J-«1 » ^ 

^^>5!^-. °1» £ 8b<Hl M-BfxflSicf. i^ofl u}.^ ^ ^-oi ( ^-efl 7l#ofl ^ a lb ^ ^ 

1*1 €£■ Tal- ^1^(12) ^ ^^1^(17)AS. A>-g-«V ^o.S.Ai, 35051 °l^£l g-^d\) 

Ai TMR «1^ 7is>7} ^A*\A Q^jl <r ^i^M-, 3tt a lb^l 

e ^ «J<HM-*1 Q#] ^ 45051 ^S.ofl^£ 20% ^ 7V7l *1*J-wl# 

<87> AV7l S lb^l Al^s-ofl cfl^ <g^s} ^r£l- ^4*1 ^ 300513. Jl^Al^Jl, <1^^ 

^l^r-a- £SW7l^ TMR till- <>1* 51 8c<Hl ufEfifl^t^-. cr| 7 H ^ 0.-0] ^ 

7lofl^ 1A|^ ^ ^ 2^1^^ TMR w]^ wl^s>tq-. zie^M-, aItIo] zjo^l n}5}-, 

^-t^o^i ^ 2 a]^^) TMR &°1 *ll 1*1^ TMR ^iLi} ^^-^ , l^^^l 

TMR «1 si tf^ol ^ 5^. 

<88> o]^ £0], ^Efl 7l#ofl ^ 7>7l ^ i^o] *>7l 2^1 7} 1^5} £51 ^ A] ^>ofl 

^ ^^*>7|] ^5}^ Ol o.^, ^5., Aj-7] Z}- f^S- AfoloflA^o) ^7>#^ AJ-^ ^-AV ^ ^ 
DlAj nfl^-olnl, -^-7>^o.S aVTo 1 "^^^ Mn^l ^ 27j-7^# ^0.3. ^>£H ^1^^ 7>7l^- 
51^17171 nfl^-olcf. rcj-^, ti]^^ Zr x Ali- x (0<x<l)l- 7>7l 
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<89> ojAj-, £ ^ofl a>^-3j^- ^Al^l- ofls #<H ^*>£o.u|-, ^Hl^ ^ 

#33^ ^^r ^Jfl: 3L^*Rr ^>7l ^Hl 

3-§-€ *r ^, GMR, TMR ^21 7>7l 31 -E. ^ MRAM ^ ^>7] 

^Ssl x}7l ^S^S] 5}^lf o S Zr x Ali- x (0<x<l)l- A>-g-^o^ t § 

^-8: 7>7l ^2:^11- ^*1^ ^ oicf. Zr x Ali-x(0<x<l)* ^7l#o.5. 

A}-g-*H 7>7l 7i* 0 V i*}^ #Aj o. 71^ ^o] 7>^-^>cf. 

<90> <^7H, ^7} ^Ml^l *}7] *m ^Hl 9X°]^, 4 1#*H§#(23)3}- *H 27>^#(25)^r 

°fl ^^-S -g^^O-M-, *fl 1#*V8#(23)3|- ^lolA^(24)4 *fl 2*H#(25)4 

<91> H]^^ Zr x Ali- x (0<X<l)^ HtL 7>7l *|^J- 4l7> O^ii)-, ^ Efl ^7><>) 

^)t^^ *>-g-€ ^ & 4. *T, 7l^r *2 -S-71 7m ^-ofl *§^€ 4# ^S^l* S^*Kr dt*Hl 
71 ^ cf# ^Sfl A>olofl ^l#o.S Zr x Ali- x (0<x<l)l- ^~g-*H n^-^ol 

^-^m *m i^t ^-^^ ^°i 7}^vck ^, >^7H^ 

Zr x Ali-(0<X<l)^r ^1, Si 71^ Aj-ofl 3g^g} ^£7} ^-g: ^ &^g- 

^€ ^2:^11- ^ ^711 ^cf. Htb, ^l^S Zr x Ali- x (0<x<l)l- ^f-g-*>^ 

€ Cf^tt 4l7f# ^ ojTfl ^Cf. 
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€ Zr x Ali-x(0<x<l)^-S-o.S l^t^, Jl^r^S 7>«l£l^ ^-f°fl£ A?\ 

°H -f^tb 13 ^^"Sr 7^711 €^ 5l3]-7> ^rf. 
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7}&, #7} 7}# #°fl tgAj^ * ^. 7 ) Aj-ofl ^Aj£ *} 7 ] ^ ^^S. 

Sfsfe 7>7l 7-^ dt^Hl o^A^ 

^"71 *}*l#^r w]^^ Zr x Ali- x (0<x<l)l- i^Hr 3}-g: ^-#iL5. *>tt 7>7l ^7}. 

2] 

^ l*oHl SI*]*], 

#7} 7\7] 7]*& ^3-^ Aj-ofl Zr x Ali- x (0<x<l)# £#SRr #*1#°1 ^ *S#€ 3 

* ^ ^> 7 i 

3] 

A 1%> S^r 2%H1 5a<>H, Aj. 7 j 7>7l 7^ ^^flH i 
#71 xfl 1^"7HJ# ^ofl ti]7H^ i3ll olA^; 

#71 2#*}^ #6|j *§>g5]^, Aj-7] 7>^#^ ^ Hj-^ «V7 0 V7>^*; 

* ^*Rr ^-i: ^ 71-71 7-1 %V ^7>. 

4] 

A oM 5Wf4 #71 2fl l^-7>^# Afojofl ^Ajsl B^f-g- d i^Kr ^ ^)o S 
7>7l 7^1- ^A>. 
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[%^-% 5] 

A oM tH^#£- NiFe, NiFeCr JE^r CoFe f 1 ^VM^ itf-*}^ 

6] 

A o v 7l Xl lWf ^ z\] 2#*H^£- CoFe* £Mr 33 -g- ^SLZ. 7\y] ^ 

7] 

A cM i^o^f^- Cu« 5Lf-*Rr 3 -8: Q-S. ^>7l T^J- 

8] 

XI ^fe XI 2%H1 &<^, *\*& ^sflfe, 

I^H^ ; 
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#7] *H 1#*M3# ^Hl Hl*H33 i*H°HfS £ 

if-*Rr 3^ ^3-2-3. *m 7>7l ^ ^7}. 

[^T 1 * 10] 

*}7] 

111 

A 1% V *H 2*<M1 SM^I, -SM 7>7l ^31^, 

tl^H ^*fl 7>>3- y oHH $3 7>^ afl l#*Hg§S 

* 3E^Rr 3* ^^£S 7>7l 7-1 ^7K 

12] 

7>7l 7-1 %V ^7>. 

[^^* 13] 

A 1* HL^r Tfl 2%H1 ^"71 71-71 7l%l- ^5&*Hfe. 
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; 

3L#*Hr ^JLS *Rr *)-7] 7-1 ^7>. 

14] 

7>7l 7-1 i7K 
15] 

71^:, ^7) 7)# #6j] ^€ 7>7] T^J- ^ ^>7l *>7l T^J- ^-^) ^*\] <§ ^ 

^oM ^l#^r Zr x Ali_ x (0<x<l)l- ^ilS 7>7l 7-RV 

16] 

*fl 15%H1 ^^l, ^"71 X>7] ^ ^*fl^r, 
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# it^Rr ^£-5. Sj-^ 7>7] 7]*J- 

17] 

A] 15%H1 SH*!, ^-71 x>7l ^ ^^1^, 

^W^r 53* <5>^r ^7l T^J- i7f. 

18] 

*fl 16%> S^=r Xl 17^°1] olc^A^ 

7)^-34 4>7] 7>7l T^J- ^SXl A}oHl tt^f-g- D] £^-*Rr ^* ^^^-S. 

19] 

*H 15^] $X°]*\, A o V 7l 7>7l 7) ^- ^S^, 

o]7H ^*fl 7>S)- « 0 H>o] I^TJ 7>^tV XI 1^7pj#; 
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#7l #*j^ #ofl <§#5)tH *>S|- **o] J7^^ ^ 2#*Hg#; ^ 

-i- s**Hr 53 # ^ ^>7i *i* 

[^* 20] 

^1 15*41 Sa°H. #71 71-71 ^ESfl^r. 
ti J^-7>7^ ; 

#71 &7W$&S>\ #-?-6fl ^#S)H, #71 tiV7 0 V^^o]l <^*j) tij-^o] J7^^ 1 

#7>#fs 

#71 Til itJ-^h^ >y-ofl e]vj #*«fs 

#71 #<*# #41 ^^^H, o}7H i^o] 7 }^* *)1 27J- 

7Hj#;# 5£^m ^'AS. *>fe 71-71 7-1 ix}. 

[^# 21] 

Tfl 19* BE^r Tfl 20*41 SU°H , 

#71 7l#-4 Aj- 7 1 AfoHl tg^^ Cj S*^ 74^- 0_s_ 7>7l 

7-1* i7K 

[^* 22] 

7m, #71 71* #41 ^£ ^}7l# g *7l t}*}% #6fl ^£ C}^ ^S^lll- S*^> 
^ i7>ofl ^c^A-1, 

#7l *H^8: Hi 7^ Zr x Ali_ x (0<x<l)» 5.*^ *}t=t A% 7^ 

4l7>. 
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[3^8" 23] 

^3^1 ^Hl Zr x Ali- x (0<x<l)« 3L^*Rr ^ ^€ 3# 3- 
3 o.S *}tt ^lvi 
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3a] 
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15- 4b] 
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6c] 




[.£ 6d] 
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[5- 8c] 
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